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Unimolecular processes in the gas phase have been the subject ot considerable interest for more than sixty years. We review some of this history in the present lecture, and conclude with a discussion of some factors which may lead to an intramolecular laser-selective chemistry.
The first historical period which we cover is the period 1919-1952.
Around 1920 the decomposition of N205 provided an example of a unimolecular reaction. Unimolecular reactions were a puzzle, in that a collisional activation mechanism should cause the reaction to be second order (rate proportional to the square ot the concentration) whereas the observed rate was proportional to the first power. A radiation hypothesis was considered, but discarded on several grounds. Then in 1922 Lindemann postulated a mechanism for reaction of a gas A, kl A+A A*+A (1) A* products (2) k3 in which an energetic molecule A* was formed, and could either form products or be deactivated, as in (1) and (2) . A steady-state analysis 203 gives -dA/dt= klk3(A)2/[k2(A)+k3] ( 3) At high pressures, the rate is seen to be proportional to the first power of (A), even though the activation step (1) is second order. Furthermore, Eq. (3) also makes the interesting prediction that at low (A) the rate is given by k(A)2.
The mechanism (1)- (2) was analyzed further by Hinshelwood, using a statistical theory for the various rate constants in (3) . He treated k3 to be independent of the vibrational energy of A. Theories were also given in the mid-1920s by Rice Figures 1-2 Figures 1 and 3 , respectively. The effect of the "chaotic" motion is to leave the principal vibration frequencies intact, but to "broaden" each vibrational absorption frequency. Semiclassical arguments lead to the following quantum mechanical analog of this classical behavior" one expects that the vibrational spectrum of a molecule will be "regular" at low energies, perhaps corresponding to the "discrete" absorption at low energies in infrared multiphoton absorption. It is expected that when the classical motion is chaotic and when, simultaneously, the density of quantum states is high enough the spectrum will be "irregular" ("chaotic") at high energies. Perhaps this corresponds to the quasi-continuum at high energies in infrared multiphoton absorption and to the "dispersed" fluorescence observed in vibronic excitation. This dispersed fluorescence has usually been taken as a reflection of some extensive anharmonic mixing of the zeroth order modes of vibration.
The detailed connection between classical and quantum behavior is quite well understood in the case of quasiperiodic classical motion. The connection between classical and quantum behavior in the case of chaotic classical states is the subject of current research by a number of theoretical groups. For example, "classical chaos" is not expected to imply "quantum chaos" if the density of quantum states is too low. We have discussed elsewhere this latter connection in terms of "overlapping avoided crossings" plots of eigenvalues. We have also noted that extensive anharmonic mixing of zeroth order states can occur either "quasiperiodically" or chaotically. In the former case, there continue to be regular wave patterns, though quite different from those of the zeroth order states. Such mixing affects Franck-Condon factors, for example, though in somewhat different ways in the two cases. In the chaotic case the wavefunction is "bumpy" rather than exhibiting the regular nodal patterns. ones or when the mass of the central atom was sufficiently decreased. The angle between the two ligands is also an important factor, since it affects the "effective mass" in the (C--Sn, Sn--C) bond moment coupling term in the kinetic energy, a tetrahedral angle corresponding to an increase in effective mass of a factor of four over that for a 180 bond angle.
All of these effects can be explained in terms of resonance or It is perhaps clear from the present summary that the field of unimolecular reactions has become a many-faceted one during the past sixty years. The wide variety of kinetic and spectroscopic techniques now being developed, and the many current studies of anharmonic behavior, serve to define more sharply some of the questions which have been raised. The next decade promises to be an exciting one in this field.
